ABSTRACT Labeled and unlabeled insulin in acid/ethanol tissue extracts can be concentrated up to 100-fold by using a hydrophobic adsorption technique. After adsorption to and elution from an octadecylsilyl silica column, insulin is recovered in yields greater than 75%. By using this method of concentration, insulin in brain tissues of three of four fed rats and one rabbit was found to be less than 20% ofplasma concentration. The kidney is the only extrapancreatic organ in which insulin is observed to be markedly above plasma levels. Porcine-insulinlike material was not detectable in guinea pig tissues (<0.02 ng/g). It is concluded that insulin is not synthesized in brain or other extrapancreatic tissues and that other mammalian insulins are not found in guinea pig tissues.
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It is now widely accepted that several peptides such as substance P (1), somatostatin (2, 3) , vasoactive intestinal peptide (4) , and various cholecystokinin-derived peptides (5-7) are common to and synthesized in the brain and digestive system. Recently, there have been several reports from the same laboratory suggesting that insulin in acid/ethanol extracts of rat brain averages up to 25 times higher than plasma concentrations (8) (9) (10) and that guinea pig tissues contain a non-guinea pig insulin that resembles a porcine insulin in radioimmunoassay systems (11) . In subsequent reports from the same group, it was concluded that such porcine-like insulins are found in insects, annelids (12) , and unicellular organisms (13) even though pancreatic insulins from guinea pig and nonmammalian species are immunochemically readily distinguishable from porcine, bovine, and other mammalian insulins. In our earlier reports (14, 15) , we demonstrated that insulin concentrations in the brains of rabbits and dogs did not exceed plasma concentrations and that the insulin concentration in rat brain averaged about 2 ng/ g (14, 15) compared to the 22 ng/g reported by Havrankova et al. (8) . The variable insulin concentrations reported to be found in brain (8) (9) (10) and the much less variable concentration ofcholecystokinin-like peptides in the same organ (16) suggested that differences in methodology used for the concentration ofinsulin from acid/ethanol extracts-of tissues might account for the differences between results obtained in the two laboratories (8-10, 14, 15) . In this report we describe a procedure-for concentration of insulin from acid/ethanol extracts of tissue that gives a reliably high recovery of insulin and that reduces the likelihood of accidental contamination of the concentrated material by exogenous animal insulins commonly used in higher concentrations in the laboratory. The method employed is based on the ability of octadecylsilyl (ODS) silica to adsorb and concentrate peptides by hydrophobic interaction (17) .
MATERIALS AND METHODS
ODS silica cartridges (C8 Sep-Pak) were-obtained from Waters Associates. Sprague-Dawley rats, Hartley guinea pigs, and a New Zealand White rabbit were sacrificed and extracts oftissues weighing less than 3 g were prepared with autoclaved Teflon grinders in 10 vol of 0.18 M HCV/75% ethanol (acid/ethanol) as previously described (15) . Tissues weighing more than 3 g were extracted in acid/ethanol by using a VirTis homogenizer set at medium speed for 3 min. After homogenization, extracts were stored at -20'C for up to 3 days and were then centrifuged at 15,000 X g for 30 min. The supernatants were concentrated as follows: between 10 and 100 ml oftissue extract together with 2000 cpm of "2I-labeled porcine insulin (125I-insulin) was diluted in 5 vol of 1 M acetic acid and kept chilled at 40C. C18 cartridges were prepared by washing with 10 ml of ethanol followed by 10 ml of H20. The mixture of tissue extract diluted in acetic acid was then pumped through a C18 cartridge at 1 mV min by using a peristaltic pump; the cartridge was washed with 10 ml of H20 and, via a three-way stopcock, was slowly eluted with 75% ethanol/0.01 M HC1. The first 0.7 ml of eluate was discarded and subsequent 1-ml fractions were saved for. determination of125I-insulin and assayed for immunoreactive insulin.
In a separate experiment, 10 ml of guinea pig liver extract together with porcine insulin at 10 ng/ml and 50,000 cpm of 125I-labeled porcine insulin was concentrated on a C18 cartridge. After a water wash, flow was switched to 75% ethanol/0.01 M HCl eluant and 0.2-ml fractions were collected. 125I-Insulin in the elution fractions was quantitated and then the fractions were assayed for immunoreactive insulin.
The stability ofinsulin immunoreactivity in the 75% ethanol/ 0.01 M HC1 eluate was tested by assaying immediately after elution and by assay after storage at -20TC for 3 weeks.
Radioimmunoassay for insulin was performed as described (15) , using two different antisera, GP11-8-14 and GP102-1-15.
Antiserum GP102-1-15 is about equally sensitive (10Vg/ml) to rat and porcine insulins at a 1:5 X 105 dilution and was used to assay concentrates of rat tissue extracts. Antiserum GP11-8-14 (15) , generally used at a dilution of 1:5 X 106, has much greater sensitivity for porcine (2 pg/ml) than for rat insulin (20 pg/ml) and was used to assay concentrates of rabbit and guinea pig tissue extracts. Up to 0.1 ml of 75% ethanol/O.01 M HC1 eluant can be added to assay tubes (2.5-ml assay volume) without measurable effect on the binding of 125I-insulin to either antiserum.
RESULTS
The optimal conditions for effecting adsorption to and elution from the C18 cartridge were first established by using 125I-insulin added to 10-100 ml of acid/ethanol extracts of guinea pig liver (Table 1 ). Up to 100 ml oftissue extract can be concentrated without exceeding the adsorption capacity of the cartridge. Recoveries in the first ml ofeluate, ranged from a high of88% when 10 ml was concentrated-to -a low of 75% when 100 ml was concentrated.
To determine whether elution of 125I-insulin reflected that Abbreviation: ODS, octadecylsilyl.
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cartridge. Under the conditions used to adsorb and elute insulin from ODS silica, "2I-insulin and unlabeled insulin behave similarly (Fig. 1) Volumes ranging between 5 and 50 ml of pooled rat kidney and rabbit liver and kidney extracts were separately concentrated on C18 cartridges. In general there was good agreement among the separate concentrates ( (18), which are seldom more than 50% (8) and were as little as 6% in some tissues (10) .
We are unable to verify the report (11) ofporcine-like insulin immunoreactivity in guinea pig liver or other guinea pig tissues. The two antisera employed in these studies are highly sensitive to porcine-like insulins. If such insulins were present in guinea pig tissues, the amounts are certainly less than 0.02 ng/g, and they are probably less than 0.004 ng/g. One cannot, of course, rule out the possibility that others have available an antiserum that reacts with a guinea pig porcine-like insulin (11) that cannot be measured in either of our assay systems. However, we consider this to be most unlikely.
We had earlier reported that insulin concentrations in rabbit and dog brain were less than plasma levels (14, 15) . However, we had observed (15) that the insulin content ofthe whole brains of four normal rats averaged just at the limits of detectabilityi.e., 2.0 ± 0.2 ng/g (±SEM) compared with plasma levels of 1. 1 ± 0.5 ng/ml (± SEM). In the current study the insulin concentration in the brains of three of four fed rats averaged only (8) (9) (10) (11) . The only organ in which we find insulin to be concentrated markedly above plasma levels is the kidney. Since we showed earlier (15) that kidney insulin levels vary directly with plasma levels, the kidney appears to have a nonsaturable insulin-concentrating mechanism.
The use of ODS silica cartridges for concentration of insulin provides a simple method to determine definitively with less chance of accidental contamination whether insulin is found in concentrations greatly exceeding plasma levels in mammalian extrapancreatic tissues such as brain and whether porcine-like insulins are synthesized by guinea pigs, insects, annelids and even unicellular organisms (11) (12) (13) . It is of interest that in all reports of immunoreactive insulin in unusual places, Sephadex gel filtration studies generally reveal a peak only in the insulin region (10, 12, 13) with no peak in the proinsulin region. In the case of ectopic hormone production, for instance in adrenocorticotropin-secreting tumors, the precursor form is more prominent in the tumor than in the usual gland of origin (21) . This suggests that the complete mechanism for processing peptide hormones is not efficient in aberrant tissues. Thus it does seem remarkable that extrapancreatic tissues are purported not only to be able to synthesize insulin precursors but also to be able to process them efficiently to the 6000-dalton peptide.
The ultimate proof for extrapancreatic insulin synthesis would be the demonstration that such tissues contain the messenger RNA that codes for insulin. Because of the low concentrations ofinsulin reported to be found in such tissues, one could claim that the amount ofmessenger RNA might be undetectable with current methods. Until such messenger RNA is demonstrated, however, the tissue insulin concentrations reported here are sufficiently low as to make the hypothesis of extrapancreatic insulin synthesis most unlikely.
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